While yoga seems to be effective in a number of neuropsychiatric disorders, the evidence of efficacy in multiple sclerosis remains unclear. The aim of this review was to systematically assess and meta-analyze the available data on efficacy and safety of yoga in patients with multiple sclerosis. Medline/PubMed, Scopus, the Cochrane Central Register of Controlled Trials, PsycINFO, CAM-Quest, CAMbase, and IndMED were searched through March 2014. Randomized controlled trials (RCTs) of yoga for patients with multiple sclerosis were included if they assessed health-related quality of life, fatigue, and/or mobility. Mood, cognitive function, and safety were defined as secondary outcome measures. Risk of bias was assessed using the Cochrane tool. Seven RCTs with a total of 670 patients were included. Evidence for short-term effects of yoga compared to usual care were found for fatigue (standardized mean difference [SMD] = 20.52; 95% confidence intervals (CI) = 21.02 to 20.02; p = 0.04; heterogeneity: I 2 = 60%; Chi 2 = 7.43; p = 0.06) and mood (SMD = 20.55; 95%CI = 20.96 to 20.13; p = 0.01; heterogeneity: I 2 = 0%; Chi 2 = 1.25; p = 0.53), but not for health-related quality of life, muscle function, or cognitive function. The effects on fatigue and mood were not robust against bias. No short-term or longer term effects of yoga compared to exercise were found. Yoga was not associated with serious adverse events. In conclusion, since no methodological sound evidence was found, no recommendation can be made regarding yoga as a routine intervention for patients with multiple sclerosis. Yoga might be considered a treatment option for patients who are not adherent to recommended exercise regimens.
Introduction
Multiple sclerosis is the most common chronic autoimmune inflammatory disease of the central nervous system and the leading cause of disability in young adults [1, 2] . Multiple sclerosis is mainly characterized by impaired health-related quality of life, fatigue, and reduced mobility [1] [2] [3] . Other common symptoms include cognitive impairment, depression, and emotional lability [1, 2] .
Yoga is rooted in Indian philosophy and has been a part of traditional Indian spiritual practice for millennia [4] . Yoga traditionally is a complex intervention that comprises not only physical activity but also advice for ethical lifestyle, spiritual practice, breathing exercises, and meditation. While the ultimate goal of traditional yoga has been described as uniting mind, body, and spirit, yoga has become a popular means to promote physical and mental well-being [4, 5] . In North America and Europe, yoga is most often associated with physical postures (asanas), breathing techniques (pranayama), and meditation (dhyana); and different yoga forms have emerged that put varying focus on physical and mental practices [4] . In North America and Europe, yoga is gaining increased popularity as a therapeutic method. About 14 million adult Americans (more than 6% of the population) reported that yoga had been recommended to them by a physician or therapist [6] . Indeed, about half of American yoga practitioners (more than 13 million people) reported that they had started practice explicitly to improve their health [7, 8] .
While systematic reviews and meta-analyses have evaluated the efficacy and safety of yoga for a number neuropsychiatric disorders [9] [10] [11] , the evidence of efficacy of yoga in multiple sclerosis has not yet been systematically assessed. Thus, the aim of this review was to systematically evaluate and meta-analyze the available data on efficacy and safety of yoga in improving health-related quality of life, fatigue, mobility, mood, and cognitive function in patients with multiple sclerosis.
Methods
This review was planned and conducted in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines [12] (Checklist S1) and recommendations of the Cochrane Collaboration [13] . The review protocol was developed a priori and not modified during the conduct of the review.
Eligibility criteria
Types of studies. Randomized controlled trials (RCTs), randomized cross-over studies, and cluster-randomized trials were eligible. No language restrictions were applied.
Types of participants. Studies on adult patients ($18 years) with a diagnosis of multiple sclerosis were eligible.
Types of interventions. Experimental: Studies on yoga interventions including at least one of the following: physical activity, breath control, meditation, and/or lifestyle advice (based on yoga theory and/or traditional yoga practices) were eligible. No restrictions were made regarding yoga tradition, length, frequency or duration of the program. Studies on multimodal interventions that include yoga amongst others were excluded. Studies allowing individual co-interventions were eligible.
Control: Studies comparing yoga to usual care, exercise, or other active non-pharmacological control interventions were eligible.
Types of outcome measures. To be eligible for inclusion, studies had to assess at least one primary outcome as recommended by an international, multi-disciplinary consensus meeting [14] :
1. Health-related quality of life, assessed using validated diseasespecific instruments such as the Multiple Sclerosis Impact Scale or the Multiple Sclerosis Quality of Life Scale; or generic instruments. Where available, disease-specific instruments were preferred. 2. Fatigue, assessed using validated instruments such as the Fatigue Severity Scale or the Modified Fatigue Impact Scale. 3. Mobility/muscle function, assessed using objective physicianrated tests such as the 6 minute walk test.
Secondary outcomes included:
1. Mood, assessed using validated instruments for depression or anxiety. 2. Cognitive function, assessed using validated neuropsychological tests. 3. Safety of the intervention, assessed as number of patients with adverse events (AEs).
Search methods
The search strategy comprised seven electronic databases from their inception through March 01, 2014: Medline/PubMed, Scopus, the Cochrane Central Register of Controlled Trials, PsycINFO, CAM-Quest, CAMbase, and IndMED. The literature search was constructed around search terms for 1. ''yoga'' and 2. ''multiple sclerosis'' and adapted for each database as necessary. Two reviewers independently screening and selected abstracts; potentially eligible articles were read in full by two reviewers. Disagreements were settled through a discussion with a third reviewer until consensus was reached. If necessary, additional information was obtained from the authors of the primary study.
Data extraction and management
Two reviewers independently extracted data on patients (e.g. age, gender, ethnicity), methods (e.g. randomization, allocation concealment), interventions (e.g. yoga type, frequency, and duration), control interventions (e.g. type, frequency, duration), outcomes (e.g. outcome measures, assessment time points), and results using an a priori developed data extraction form. Discrepancies were discussed with a third reviewer until consensus was reached.
Assessment of risk of bias in individual studies
Two reviewers independently assessed risk of bias using the Cochrane risk of bias tool [13] . This tool assesses risk of bias on seven domains: random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting, and other sources of bias. For each domain, risk of bias was assessed as low; unclear; or high risk of bias. Discrepancies were discussed with a third reviewer until consensus was achieved.
Data analysis
Assessment of overall effect size. Separate meta-analyses were conducted for comparisons of yoga to different control interventions. Meta-analyses were conducted using Review Manager 5 software (Version 5.1, The Nordic Cochrane Centre, Copenhagen) by random effects models if at least two studies assessing this specific outcome were available. For continuous outcomes, standardized mean differences (SMD) with 95% confidence intervals (CI) were calculated as the difference in means between groups divided by the pooled standard deviation using Hedges's correction for small study samples [13] . Where no standard deviations were available, they were calculated from standard errors, confidence intervals or t-values [13] , or attempts were made to obtain the missing data from the trial authors by email.
A positive SMD (i.e. higher values in the yoga group) was defined to indicate beneficial effects of yoga compared to the control intervention for quality of life, mobility, and cognitive function while a negative SMD (i.e. lower values in the yoga group) was defined to indicate beneficial effects for fatigue and mood. If necessary, values were inverted [13] .
Cohen's categories were used to evaluate the magnitude of the overall effect size with SMD = 0.2-0.5: small; SMD = 0.5-0.8: medium; and SMD.0.8: large effect sizes [15] .
Assessment of heterogeneity
Statistical heterogeneity between studies was analyzed using the I 2 statistics, a measure of how much variance between studies can be attributed to differences between studies rather than chance. The magnitude of heterogeneity was categorized as (1) I 2 = 0-24%: low heterogeneity; I 2 = 25-49%: moderate; I 2 = 50-74%: substantial; and I 2 = 75-100%: considerable [13, 16] . The Chi 2 test was used to assess whether differences in results are compatible with chance alone. Given the low power of this test when only few studies or studies with low sample size are included in a metaanalysis, a P-value#0.10 was regarded to indicate significant heterogeneity [13] .
Subgroup and sensitivity analyses
Subgroup analyses were planned for the type of yoga intervention (yoga interventions including physical postures vs. yoga interventions without physical postures). As all included studies comprised yoga postures, subgroup analyses could not be performed.
To test the robustness of significant results, sensitivity analyses were conducted for studies with high versus low risk of bias at the following domains: selection bias (random sequence generation and allocation concealment), detection bias (blinding of outcome assessment), and attrition bias (incomplete outcome data).
If present in the respective meta-analysis, subgroup and sensitivity analyses were also used to explore possible reasons for statistical heterogeneity.
Risk of bias across studies
If at least 10 studies were included in a meta-analysis, assessment of publication bias was originally planned by using funnel plots generated using Review Manager software [13, 17] . As less than 10 studies were included in each meta-analysis, funnel plots could not be analyzed.
Results

Literature search
The literature search retrieved 96 non-duplicate records of which 87 were excluded on the basis of title and abstract because they did not meet all pre-defined inclusion criteria (Table S1 ). Nine full-text articles were assessed for eligibility [18] [19] [20] [21] [22] [23] [24] [25] [26] . All nine full-text articles reporting on seven RCTs involving a total of 670 patients met the inclusion criteria and were included in the qualitative analysis and meta-analysis ( Figure 1 ). One full-text article was published in Persian [25] , the others in English. 
Study characteristics
Characteristics of the sample, interventions, outcome assessment, and results are shown in Table 1 .
Study and participant characteristics. Of the seven studies that were included, three originated from Iran [18] [19] [20] 25] ; two from Ireland [21] [22] [23] ; and one each from the USA [24] ; and Slovenia [26] . Patients were recruited from hospitals [18] [19] [20] , multiple sclerosis societies [21] [22] [23] [24] or multiple sclerosis foundations [25] . Only three studies reported on the type of multiple sclerosis, all three studies included patients with all types of multiple sclerosis [21] [22] [23] 26] . The sample size ranged from 20 to 314 with a median of 60. Participant's mean age ranged from 31.6 to 54.4 years with a median of 42 years. Between 75.2% and 100.0% of participants were female (median 96.5%). Ethnicity was not reported in any study.
Intervention characteristics. Three studies used Hatha Yoga [18] [19] [20] 26] ; one used Iyengar Yoga [24] ; two did not predefine the yoga intervention but let the yoga teachers decide on content of the intervention [21] [22] [23] ; and one did not report the yoga style used [25] . All seven studies used yoga postures and meditation or relaxation; six also used yogic breathing techniques [18] [19] [20] [21] [22] [23] [24] 26] . The duration of yoga programs ranged from eight weeks to six months with a median of 10 weeks; frequency of yoga interventions ranged from one to three (median: 1) weekly yoga sessions of 60 to 90 (median: 66.25) minutes length. Six studies compared yoga to usual care or no specific treatment [18] [19] [20] [21] [22] [23] [24] [25] . Five studies compared yoga to exercise including treadmill training [18, 19] ; aerobic exercise [24] ; mixed aerobic and resistance exercise [21] [22] [23] ; or sports climbing [26] . Except for one study where the yoga sessions were longer in duration than the exercise session [18, 19] , the yoga and exercise interventions were exactly matched for program length, and frequency and duration of the sessions.
Outcome measures. All seven studies assessed outcomes immediately after the end of the intervention; one study also assessed longer-term effects 12 weeks after the end of the intervention [21, 22] . Health-related quality of life was assessed in five studies using the Multiple Sclerosis Quality of Life 54 [18] [19] [20] , the Multiple Sclerosis Impact Scale-29 [21] [22] [23] , or the Short Form-36 Health Survey [24] . Five studies assessed fatigue with the Fatigue Severity Scale [18, 19] Mobility was assessed using the 10-m timed walk test [18, 19] , the 25-foot timed walk test [24] , the 2-minute walk test [18, 19] , or the 6-minute walk test [21] [22] [23] . Mood was assessed in three studies using the Beck Depression Inventory [18, 19, 25] , the Beck Anxiety Inventory [18, 19] , the Profile of Mood States [24] , the Center for Epidemiological Studies Depression Scale [24, 26] , and/or the State Trait Anxiety Inventory [24] . Two studies assessed cognitive function using standardized neuropsychological test batteries [24, 26] (table 2) . Four studies reported safety-related data [18, 19, 21, 22, 23, 24] .
Risk of bias in individual studies
Risk of bias in individual studies is shown in figure 2. One study each had reported adequate random sequence generation [24] or allocation concealment [21, 22] ; and three studies each reported adequate blinding of outcome assessement [21] [22] [23] [24] or were free of suspected selective reported [21, 22, 26] . figure 3) . while no metaanalysis was possible, based on single RCTs no evidence for longer-term effects of yoga compared to exercise on health-related quality of life, fatigue, or mobility was found [21, 22] .
Analysis of overall effect
Secondary outcomes. Evidence for short-term effects of yoga compared to usual care was found for mood (SMD = 20.55; 95% CI20.96, 20.12; p = 0.01) (figure 4). No evidence for shortterm effects of yoga compared to exercise on mood (SMD = 0.16; 95% CI20.40 to 0.72; p = 0.58) or cognitive function (SMD = 0.41; 95% CI20.11 to 0.94; p = 0.12) was found ( figure 4, table 2) .
Safety. Four studies reported safety-related data. One of those reported adverse events: one exacerbation in each group occurred, and four further adverse events were reported that were not related to the study interventions [24] . In another study, no exacerbation occurred in any of the three groups [18, 19] . In another study, three patients in the yoga group were lost to followup after the intervention due to medical reasons (including exacerbations) compared to four, five, and eight patients in the physiotherapist-led exercise, fitness instructor-led exercise, and usual care group, respectively [21, 22] . In the fourth study, zero, two, three, and one patients were lost to follow-up after the intervention due to medical reasons in the yoga, group physiotherapy, individual physiotherapy, and control group, respectively [23] .
Sensitivity analyses
Since no study had low risk of selection or attrition bias, no effect remained significant in sensitivity analyses for low risk of selection or attrition bias. In studies with low risk of detection bias, the effect of yoga compared to usual care on mood did not change substantially (SMD = 20.63; 95% CI21.25, 20.01; p = 0.05). No other effects remained significant (table 2).
Discussion
Summary of evidence
In this systematic review of seven randomized trials on yoga for multiple sclerosis, evidence for positive short-term effects of yoga on fatigue and mood, but not on more objective physician-rated outcomes such as mobility or cognitive function were found. No effect was robust against potential methodological bias. Although the overall high risk of bias hinders definite conclusions, yoga seems to be equally effective as exercise interventions in improving both patient-reported and physician-rated outcomes.
Safety of the intervention was insufficiently reported. Specifically, only one study explicitly assessed adverse events. However, exacerbations of multiple sclerosis were fewer or equal in number in the groups compared to the usual care or exercise groups. This is in line with previous cross-sectional studies [27, 28] and systematic reviews of yoga interventions in other patient populations that found no evidence for serious yoga-associated adverse events [29] [30] [31] [32] [33] . It should however be considered that yoga has occasionally been associated with serious adverse events in case studies [34] .
Agreements with prior systematic reviews
No systematic review specifically on yoga for multiple sclerosis was available. However, a recent review on studies on mind-body medicine for multiple sclerosis published until March 2012 [35] included one RCT on yoga [24] . This review concluded that while yoga improved multiple sclerosis-related fatigue with fewer side Figure 3 . Effect sizes for the primary outcomes quality of life, fatigue, and mobility. *both exercise groups combined; **means and standard deviations provided upon request. doi:10.1371/journal.pone.0112414.g003 effects than conventional treatment, more research was needed to draw definite conclusions. A recent systematic review on exercise for multiple sclerosis concluded that exercise therapy including yoga [24] may have beneficial effects on patients with multiple sclerosis without adverse events and might thus be recommended for the rehabilitation of multiple sclerosis patients [36] . A systematic review on yoga for fatigue that also conducted a meta-analysis included two trials on multiple sclerosis [24, 26] amongst trials other conditions. This meta-analysis found moderate evidence for effects of yoga on fatigue with larger effect sizes in non-cancer populations [37] . The recent guideline on complementary and alternative medicine in multiple sclerosis by the American Academy of Neurology included a systematic review on studies of yoga for multiple sclerosis [38, 39] . This review included four studies [19, 21, 24, 26] and concluded that, mainly due the low power of the available trials, the data were inadequate to assess the effect of yoga on disability, spasticity, fatigue, cognition, mood, balance, or walking speed in patients with multiple sclerosis [38, 39] .
External and internal validity
Mainly patients from the Middle East and Europe were included. Given that ethnical and geographical factors influence the incidence and severity of multiple sclerosis [1, 2] , the applicability of these findings in other geographical regions is limited. Moreover, since mainly female patients were included, the results might not be fully applicable to male patients. Four studies did not report on the eligible types of multiple sclerosis [18] [19] [20] 24, 25] . This further limits the applicability of the results.
Overall, risk of bias of the included studies was unclear or high. Most importantly, only one study each reported adequate random sequence generation [24] or allocation concealment [21, 22] . As inadequate allocation concealment has been empirically demonstrated to be the most important source of bias in RCTs [40] , this strongly limits the interpretability of results. In sensitivity analyses, no effect was robust against all potential sources of bias. The internal validity of the results is thus limited.
Strengths and weaknesses
To the best of our knowledge, this is the first systematic review and/or meta-analysis available on yoga for patients with multiple sclerosis. Strengths of this review include the comprehensive literature search without language restrictions and the assessment of applicability of the results [41] . The primary limitation of this review is the paucity of eligible studies, rendering subgroup analyses impossible and resulting in a relatively limited overall sample size. Another major limitation is the insufficient reporting and/or low methodological quality of the included studies, limiting the interpretability of the results. Moreover, the reliability of the Cochrane risk of bias tool in systematic reviews on clinical trials of behavioral interventions has been questioned. It has been demonstrated that there is poor inter-rater reliability for several of the domains, specifically for the domain 'blinding of participants and personnel' [42] . Since it is generally regarded impossible to blind patients and therapists in trials of behavioral interventions such as yoga, different research groups tend to rate this domains differently if no information on blinding is provided. Accordingly, this domain was not used in sensitivity analyses. The applicability of the findings was limited. As only one study reported longer-term effects [21, 22] , the results of this review are only applicable to the short-term. No unpublished studies or studies published in 'grey literature' were included. The usefulness of including unpublished trials is still under debate [13] . Meant to address publication bias, only few unpublished trials can normally be located for systematic reviews and the located studies may be an unrepresentative sample of all unpublished studies [13, 43] . Investigators are often unwilling to provide unfavorable results; thus publication bias may still remain an issue [13] . Moreover, unpublished studies tend to be of lower methodological quality than published studies [44] and normally lack peer-review [13] .
Implications for further research
Given that the main drawback of this review was the insufficient reporting of trial methodology, authors of prospect research should improve the reporting of yoga trials and follow commonly accepted reporting guidelines (e.g. CONSORT) [45] . Future studies should ensure rigorous methodology, mainly adequate randomization, allocation concealment, intention-to-treat analysis, and blinding of at least outcome assessors [45] .
Implications for clinical practice
While this review found evidence for effects of yoga on fatigue and mood in patients with multiple sclerosis, due to the insufficient reporting of the included trials and the limited external validity, this evidence should be applied in clinical practice with care. Thus, no recommendation can be made regarding yoga as a routine intervention for patients with multiple sclerosis at this point. Given that yoga was not associated with severe adverse events, its practice needs not be discouraged in this patient population. Given its evident effectiveness [36] , exercise is strongly encouraged by international guideline for the treatment of multiple sclerosisassociated symptoms, especially for improving fatigue [46, 47, 48] . Since fatigue seems to be equally improved by yoga and exercise, yoga might be considered a treatment option for patients who are not adherent to recommended exercise regimens. 
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